During chemical studies of bleomycin, many fragments and derivatives have been isolated and characterized.
Materials and Methods
The 13C-NMR spectra were taken with a Varian XL-100 FT NMR spectrometer at 25.2 MHz at ambient temperature using D,O as a solvent in 8-mm tubes. The samples (5080 µmoles) were dissolved in about 0.6 ml of the solvent, and the pDs were adjusted to 6.06.5, except for ring-expanded BLM A2'-c (vide post), pD of which was adjusted to 7.5 to prevent decomposition during the measurement. The measurement conditions were as follows: spectral width, 5120 Hz; pulse flipping angle, 30-45°; aquisition time, 0.8 sec.; number of data points, 8192; number of transients, 1 x 10°--7 x 10 4. Dioxane was used as an internal reference of 13C-chemical shift, which was adjusted to 6 67. 4 . The 1H-chemical shift was also expressed as 8 and external tetramethylsilane was used as the standard.
The degradation products measured were as follows: Amino acid components I-VI 2) (for the structures and numbering, see Fig. 1 ), sugar components (methyl-a-D-mannopyranoside and its 2-and 3-0-carbamoyl derivatives 3,4) and methyl-a-L-gulopyranoside31), and peptide fragments (pseudotripeptide, pseudotetrapeptide A5), tripeptide S51 and tetrapeptide S°1, for the structures, see Fig. 2 ).
The minor modification products of BLM measured were as follows: Bleomycinic acid (BLMacid) 7), deglyco-BLM-acid (BLM-acid lacking sugar part, isolated from a culture filtrate of BLM fermentation, unpublished), decarbamoyl BLM A2'-c (formed during storage of BLM A2'-c in a Trisbuffer of pH 8.5 at room temperature, unpublished), iso-BLM A2'-c 8), epi-BLM A2'-c9 , deamide BLM A2'-c10), ring-expanded BLM A2'-c11) and depyruvamide BLM A2'-c 11), of which structures are shown in Fig. 3 . ride derivatives are tabulated in Table 1 .
The broad band 1H-decoupled 13C-NMR spectrum of BLM A2'-c is shown in Fig. 4 Fig. 4 were quartet, eight signals in the middle with mark t were triplet, the lower 15 peaks without mark were doublet and there was no singlet signal in this range.
Terminal Amines
The signals derived from the terminal amines were easily recognized by comparison of the spectra of BLM A2 and A2'-c (see Table 2 ). These BLMs were different from each other in their terminal amines, both containing five carbon atoms, and their spectra were different in five signals which could not be superimposed. These signals were naturally assigned to the carbons of the terminal amines, and each signal could be assigned as shown in Table 1 . Table 2 indicates that the chemical shifts of the common part of the two BLMs were the same within ±0.1 ppm, except for two signals which will be discussed later.
In the following discussions, the chemical shift values of BLM A2'-c are mainly used.
C-Methyl Group
There are four C-methyl groups. They were assigned to I-CH3 (6 19.9), III-a-CH3 (15.8), III- The other eight signals between 5 65.6 and 75.2 were due to the C-2 to C-5 of both sugars. In order to select the signals ascribed to the mannose moiety, the spectra of methyl-a-D-mannopyranoside and its 2-0-and 3-0-carbamoyl derivatives were used as the reference compounds for the mannose moieties of decarbamoyl-BLM, iso-BLM and BLM respectively. The results are shown in Table 3 .
With reference to the carbamoyl substitution effects, the signals of the carbons belonging to mannose moieties of decarbamoyl-BLM, iso-BLM and BLM could be selected and assigned to individual carbons as shown in Table 3 . The assignment of C-I was achieved by single frequency 1H-decoupling at o 5.46, at which the C1-H of the mannose moiety resonated while that of the gulose moiety resonated at o 5.73. The carbamoyl carbon could be also assigned to 5 158.5 by these studies.
To assign the carbons of the gulose moiety, the spectrum of methyl-a-L-gulopyranoside was taken Table 4 ). The signals of carbons belonging to the gulose moiety of BLM were assigned with reference to the chemical shift of this model compound and elvcosidic shift-effect (Table 4 ).
The non-1H-decoupled 18C-NMR spectrum of BLM A2'-c enhanced by gated decoupling showed that the 13C-1H coupling constant of C1-H of the mannose moiety was 172.9 Hz and that of the gulose moiety was 170.1 Hz. These values suggested that both glycosidic configurations were a13), which was in accord with the assignment already determined by 1H-1H coupling constant and HUDSON'S rule14).
The Remaining Four Methylenes. The signal at the highest field (0 43.5) among them was assigned to III-a-CH, which is the only methine without an attached nitrogen atom. It was confirmed by single frequency 1H-decoupling of the III-a-CH proton (6 2.98). The signal at the lowest field (6 60.4) was assigned to V-CH, which is lacking in depyruvamide BLM. The signal at 6 59.9 could be assigned to I-a-CH from the spectra of tripeptide S and tetrapeptide S. The signal of 1I-CH should be shifted significantly in the spectra of ringexpanded BLM and depyruvamide BLM and the signal at 6 53.3 could be assigned to this carbon.
The signals at 6 48.4 and 57.7 were assigned to III-i and IV-a, respectively, based on the spectra of III, IV, pseudotripeptide and pseudotetrapeptide A.
sp2-Carbons
As already mentioned, the carbamoyl carbon resonated at 5 158. Table 2 ). The imidazole carbons of IV were assigned to 6 118. Table 2 ).
The four signals ascribed to the 4-aminopyrimidine chromophore of II were selected and assigned Among the remaining four carbonyl carbons, the chemical shift of carbonyl of V would be expected to shift in deamide BLM and ring-expanded BLM and is missing in depyruvamide BLM, while the carbonyl of S-CO of II could be expected to shift in ring-expanded BLM and depyruvamide BLM but not in deamide BLM. Therefore, the former was assigned to 0 171.6 and the latter to 176.7. The carbonyls of IV (0 169.5) and R-CO of II (0 168.3) could be assigned from the spectra of pseudotripeptide and pseudotetrapeptide A.
Thus, every signal of BLM has been assigned by the structual relation of its fragments and derivatives. The chemical shift table (Table 1) Epimerization at the ~-lactam causes a significant shift at C-5 and C-6 of 11 and C-1 and C-5 of mannose. This should be an important information for conformational studies.
The chemical shift map was already used for the structure determination of ring-expanded BLM and depyruvamide BLM11). In ring-expanded BLM six carbons involved in the ring-expansion shifted distinctly. In depyruvamide BLM three carbons ascribed to the V moiety are missing and chemical shifts of the side chain carbons of II and C-2 of the pyrimidine chromophore shifted significantly.
Thus, this map is useful for structural determination of BLM-related antibiotics and unknown BLM derivatives derived by chemical or biological treatments.
